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Abstract

This study was conducted to determine what factors influence the
differences in the results of the Bina Marga 2017 method and the
AASHTO 1993 method and determine which planning results are more
efficient to be applied to Letjen S. Parman Street. The research method
used is a comparative method, using the existing data and the latest data
from surveys. As a result of analyzing a rigid road plan with a planned
age of 40 years, the Bina Marga 2017 method obtained a concrete slab
with a thickness of 305 mm, and the AASHTO 1993 method obtained a
concrete slab with a thickness of 280 mm. Further differences in results
can be seen in the level of traffic load during the service life, the
diameter of the dowels, the spacing of the tie bars, and the minimum
design height of the subgrade embankment. The differences in the
results of these plans are caused by two main factors, namely the factor
of using the cumulative traffic growth value (R) in the Bina Marga 2017
method and the direct use of the subgrade CBR value in the AASHTO
1993 method. Based on the data that has been obtained, it is concluded
that the 1993 AASHTO method provides more efficient results to be
applied with considerations in terms of smaller plate dimensions and
fewer connections and reinforcement requirements. Which when
calculating the work cost, the AASHTO 1993 methods results give a
smaller number of work volumes, so it has the possibility to provide a
more economical work cost than the Bina Marga 2017 methods results.
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Introduction

Jalan Letjen S. Parman is a collector
road that connects Pabuaran District with
Ciledug District, Cirebon Regency. This road
is grouped into the status of a district road, a
2-lane - 2-way road with a width of 7.00
meters and a length of 2050 meters. This
existing road is in the form of flexible
pavement which uses asphalt as the surface
layer and granular material as the layer
underneath. Worldwide, flexible pavement is
also the most preferred pavement structure
for constructing highways (Gautam et al.,
2018).

Pavement is a major asset of road
infrastructure (Shah et al., 2013). Traffic on
the pavement is characterized by many
different types of vehicles (Pais et al., 2013).
Every day, this road is traversed by large
vehicles such as trucks that supply market
goods, trucks transporting sand, intercity-
interprovincial ~ buses  (AKAP),  trucks
transporting agricultural products, and other
large-loaded vehicles. Jalan Letjen S. Parman
is also one of the access roads to the Ciledug
Toll Gate KM 233, part of the Kanci-Pejagan
Toll Road network and is one of the main
roads routes to the Brebes Regency area,
Central Java. According to the (Kabupaten
Cirebon, 2009), the Ciledug Sub-district area
has become the main economic centre in the
eastern part of the Cirebon Regency. In the
future, this area is planned to become part of
the Cirebon Integrated Industrial Estate
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Pavement Condition Index (PCI) is an
index of pavement conditions used to assess
the pavement surface condition (Baladi et al.,
1991). According to (Karim et al., 2016) the
Pavement Condition Index (PCI) is a simple,
easy and inexpensive way to monitor road
surface conditions, identify maintenance and
rehabilitation needs and ensure that road
maintenance budgets are spent wisely.

Based on the road damage
identification survey using the Pavement
Condition Index (PCI) method on the Jalan
Letjen S. Parman section, which was
conducted from March 2021 to April 2021,
Jalan Letjen S. Parman was identified as
having damaged road structures. Asphalt
pavement can experience fatigue cracking,
reflective cracking, shrinkage cracking due to
low temperature, transverse cracking, and so
on (H.-P. Wang et al., 2021). On Jalan Letjen
S. Parman there are potholes, crocodile
cracks, curly cracks, damaged patches, box
cracks, edge cracks, hollows, sungkurs, and
sinks.

The average value of the sample on
one PCI unit of the road is the PCI value of
the road under review. The PCI value of
each segment is the average value of each
unit surveyed (Setyawan et al., 2015). From
the survey, it was obtained that the final PCI
value of Jalan Letjen S. Parman was 36.80, or
in other wotds, the road segment was in the
category of poor condition. The percentage
of damage that occurs along the road is
21.07%; this value exceeds the safe limit of

.(KITC). for medium and large scale 15% road damage. This damage requires
industries. treatment in the form of rehabilitation or
overall road improvement (Umum, 1995)
Table 1. Existing Road Condition Survey Results
Type of Road Percentage of
No Damage Code Total Damage | Surface Damage to
Damage Area (m?) Area Road Section
(m?) (%)
1. Groove 15 27,00 0,19%
2. | Amblas 6 53,69 0,37%
3. Basin 4 24,15 0,17%
4. Overweight 2 2,00 0,01%
5. Keriring 5 390,59 14350,00 2,72%
6. | Hole 13 691,94 4.82%
7. Edge Way Down 9 15,90 0,11%
8. Cracked 1 1040,41 7,25%
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Crocodile Skin
9. Cracked Box 3 490,90 3,42%
10. Cracked Edge 7 78,82 0,55%
11. Sungkur 16 19,30 0,13%
12. Patches 11 188,30 1,32%
3023,50 14350,00 21,07%

Further review the efforts to repair
damaged roads that the District Bina Marga
Office has carried out in Cirebon for the last
five years, namely by patching holes,
overlays, fog seals, and chip seals carried out
three times a year. The overlay protects the
pavement structure, reducing the rate of
pavement damage and extending the
pavement's service life (Zhang et al., 2010). A
fog seal is the application of a dilute asphalt
emulsion directly over a non-aggregated
pavement. It aims to seal the pavement,
prevent moisture infiltration, and enrich the
hardened asphalt (Dong & Huang, 2015). At
the same time, chip seal is the process of
attaching a layer of aggregate to a layer of
asphalt binder (Y. Wang et al., 2012).

However, these efforts did not provide
optimal results, as evidenced by the time this
research was carried out the roads suffered
more widespread damage. Damage is
exacerbated by surface drainage that is not
functioning propetly. This issue needs to be
considered considering that poor drainage
causes initial pavement damage, which causes
structural road failure (Zumrawi, 2014). One
of the causes of the drainage not going well
is that the size of the existing surface channel
does not meet the design requirements of the
channel.

Drainage designs for highway facilities
should strive to maintain compatibility and
minimize interference with existing drainage
patterns (Brown et al, 2001). On the
drainage channel of Jalan Letjen S. Parman
the width of the drainage cross-section (b) is
smaller than the drainage depth (d). Referring
to the (Umum, 2000), the design requirement
of a rectangular drainage section is that the
width of the channel must be twice the depth
of the channel submerged in water. In other
words, the existing drainage design does not
take into account guard figures.
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Several other factors that cause road
damage are drainage blockages due to waste.
Indiscriminate waste disposal also leads to
negative impacts on life and the environment
(Olukanni et al,, 2014). Other causes are
blockages due to sediment deposits, blocked
water access to the canal due to concrete
bridges/shopping paving, and damaged
channel sections (landslides). This problem
results in the disruption of draining water
from the road. So that when it rains, the road
is inundated with water, which further
puddles can result in road damage and
worsen the current level of damage
(Sulistiyatno et al., 2012). According to (Ali
et al,, 2011) standing water is also the leading
cause of the decrease in the durability of the
coating.

From the problems that have been
mentioned, the treatment in the form of
replacing the type of pavement can be an
option to cut off the potential damage to the
road section (Marga, 1983). Therefore, the
author proposes replacing the existing
pavement type with a concrete slab structure
or rigid pavement. Quoted from (Pramudita,
2017), rigid pavement can withstand the load
of the vehicle axle and spread it to the
subgrade efficiently, reduce non-uniform soil
deformation, and last longer than flexible
pavement because its structure can be
planned up to its age 40 years of use. The
advantages of rigid pavement are also long
life, better ride surface visibility, less
maintenance (Jain et al, 2013). From an
economic perspective, assuming annual
inflation and decline rates of 12% and 8%,
respectively, rigid pavements become
cheaper than flexible pavements after about
nine years (Taunk, 1998).

The pavement planning method used
in this research is the 1993 AASHTO
method and the 2017 Highways Pavement
Design  Manual (MDP) method. The



AASHTO method 1is defined as the
American Association of State Highway and
Transportation  Officials ~ (Bausano &
Williams, 2009). The 1993 AASHTO method
was chosen because this method is a method
that is widely used in road planning
throughout the world, and the 2017 Bina
Marga method is the latest road planning
method published by the Directorate
General of Highways, and this method has
been adapted to the conditions of the
Indonesian region. Quoted from (Almufid,
2020), the 1993 AASHTO method has
characteristics in the rigid pavement planning
process, namely, using the input parameters
for the subgrade reaction modulus, reliability
value serviceability value, and drainage
coefficient. Typical input parameters of
pavement planning for the 2017 Bina Marga
method are regional VDF values and traffic
load calculations for a certain period. The
VDF value is the Vehicle Damage Factor for
each type of vehicle (Wari et al., 2020).

The conclusions from the research of
(Bakri, 2020; Maulana, 2019; Vinna et al.,
2019; Yuliani et al., 2020; Zohri et al., 2019),
stated that the 1993 AASHTO method gave
stiffer pavement results that were thicker
than the 2017 Bina Marga method.
influenced by subgrade parameters or CBR
values and traffic load figures during the
design life. The CBR test is defined as a
strength test widely used in flexible pavement
design around the world (Attah et al., 2019).
While the majority of the subgrade is flat and
homogeneous (Gao et al., 2008).

Although the Bina Marga 2017 method
is the reference for road pavement design in
Indonesia at this time, as a method used in
Indonesia for a long time, AASHTO does
not necessarily provide worse planning
results than the 2017 Bina Marga method.
Analyze is to do a comparative study (Collier,
1993). Therefore, a comparative study was
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conducted to determine what factors
influence the differences in the results of the
two planning methods and determine a more
efficient planning result to be applied to the
Jalan Letjen S. Parman section. One of the
advantages of comparative studies is
examining the intervention variables in
individual cases to make inferences about
possible causal ~mechanisms at work
(Bennett, 2004).

This research also discusses the
handling of subgrade conditions due to
damage to existing roads, referencing
General Specifications for Road and Bridge
Construction Works, Directorate General of
Highways in 2018, and re-planning road
drainage channels according to rigid
pavement designs referring to System
Planning. Road Drainage, Ministry of Public
Works, 2006.

Based on the background described,
the purpose of this research is to find out
what factors influence the differences in the
results of the 2017 Bina Marga method
planning and the 1993 AASHTO method,
and to determine the more efficient planning
results for applied to the Jalan Letjen S.
Parman section. The other purpose of this
research is as an insight for students who are
studying Mechanical Earth Transfer. Where
this course also discusses the planning,
analysis and design of road construction
(Mubarok et al., 2018).

Research Methods

This research was conducted on Jalan
Letjen S. Parman between Pabuaran and
Ciledug sub-districts, Cirebon district, West
Java province. The study was conducted at
points STA 0+000 to STA 2+050 or
approximately this road has a length of 2050
meters. Research time in June 2021 until
completion.
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The scope of this research is as follows:

Figure . Conditions ofﬂETxisting Rads

Table 4. Scope of Research
Design life 40 Years
Type of rigid Rigid Pavement Connected with
pavement Reinforcement (BBDT)
Pavement Bina Marga 2017 and AASHTO
Planning Method 1993
Number of 2/2UD
Lanes/Directions
Planned Lane 3500 mm

Width

Planning
Subgrade
Handling

Yes (Reference General
Specifications for Road and
Bridge Construction Works,
Directorate General of Highways
in 2018)

Road Drainage
Planning

Yes (Reference for Road
Drainage System Planning,
Ministry of Public Works 2006)

Geomettric
Planning of
Roads

No

Budget Planning

No

Data collection techniques carried out
include literature study and research data
collection consisting of primary data (LHR
data, existing road CBR data, and road
technical data) and secondary data (CBR data
for STA segment 0+450 — 0+ 900, rainfall
data, and road elevation data). Where LHR is
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the Average Daily Traffic or the average
volume of two-way traffic that crosses a
certain point in a day, usually measured
throughout the year (Latifa & Prihutomo,
2019).

Planning analysis techniques in this
study include rigid pavement planning using



the 2017 Bina Marga method and the 1993
AASHTO method, which consist of traffic
load analysis, concrete slab thickness, road
foundation  structure, and design of
connections and reinforcement. ‘Then
proceed with planning for special handling
related to pavement type replacement, which
consists of determining the minimum
embankment height using the CESAL value
resulting from each method, and planning
for the use of micro piles. Micropile itself is
defined as a foundation supporting element
to withstand static and seismic loads
(Sabatini et al., 2005). Next is road drainage
re-planning, which includes calculating rain
data, determining design discharge, and
design of channel cross-section.
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After all the technical analysis stages
have been carried out, the next step is to
conclude by comparing the results of the
rigid pavement planning analysis using the
2017 Bina Marga method and the 1993
AASHTO method, by determining the more
efficient planning results to be applied to the
Jalan Letjen S. Parman section.

Suggestions will be put forward to
provide direction if some things are lacking
or other developments are needed in similar
research.

Research Results and Discussion

The results of the traffic count survey
referring to Pd. T-19-2004-B on Jalan Letjen
S. Parman are as follows:

Table 5. Traffic Count Survey Results

VGel(q)jalclie Group Type of Vehicle LHR
(Vehicle/Day)
2 Sedan, Jeep, Station 1845
Wagon
3 Medium Passenger 587
Transport
4 Pick Up, Micro Truck, 496
and Delivery Car
5a Small Bus 226
5b Large Bus 197
6a Light Truck 2 Axis 269
6b Truck Medium 2 Axis 843
7a Truck 3 Axis 64

Planning plan age is 40 years with
segment CBR value of 6.12%, traffic growth
rate factor (1) 3.50%, planned lane
distribution factor (DL) 100%, planning
direction distribution factor ( DD) 0.50.

Based on the data above, the results of
the analysis of rigid pavement planning using
the Bina Marga 2017 method with the value

of the traffic load during the design life
(CESA5) are 84050400,856 ESAL or
84.05+E06 ESAL. ESAL stands for
Equivalent Single-Axle Loads or the sum of
load equality factors for various shaft
configurations (Smith & Diefenderfer, 2009).
At the same time, CESAL is the cumulative
value of ESAL.

Table 6. Analysis of Traffic Loads During the Design Life of the 2017 Highways Method

R R

LHR LHR LHR VDF5 VDF5 ESA5 ESA5
Type  Vehicle Type (2023-  (2027-
2021 2023 2027 Actual Normal 2026) 2063) (2023-20206) (2027-2063)
@ 2 ©) @ ®) (6) 0] ® ©) (10) (11)
p  Sedan, Jeep, 1845 1976 2192 0,00 0,00 0,00 0,00
Station Wagon
Medium
3 Passenger 587 629 698 0,00 0,00 4215 70,008 0,00 0,00
Transport
Pick Up, Micro
4 Truck, and 496 532 590 0,00 0,00 0,00 0,00
Delivery Car
Comparative Study of Rigid ...— 83
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52 Small Bus 226 243 269 0,00 0,00 0,00 0,00
5b  Large Bus 197 211 234 1,00 1,00 162331,009 2989674,694
6a ki}slt Truck 2 269 289 320 0,50 0,50 111153,312 2044222,013
6b Xf\jgk Medium 2. g5 904 1002 9,20 5,10 6397507,735 65289895,817
7a__ Truck 3 Axis 64 69 77 14,40 6,40 759412,476 6296203,800
Total ESA5 7430404,532 76619996,324

) 84050400,856

CESA5 (2023-2063) (84,0550

Table 7. Pavement Structure Determination Methods Type of Highways 2017

Design requirements for rigid pavement with
joints and dowels and tied shoulders, with or without
crack distribution reinforcement.

Pavement R1

Structure

R2 R3 R4 R5

Heavy vehicle axle
group (overload)
(10E06)

4,3

< < < <

8,6 258 43 86

Dowel and
Shoulders

Yes

Pavement Structure (mm)

Thickness of

265 275 285 295 305
concrete slab
Foundation layer
LMC 100
Drainage layer 150
(mm)

Retrieved concrete slab 305 mm thick
plan to the plate width of 10 m, using a
coating thickness of 100 mm foundation
LMC combined with aggregate foundation
layer thickness of 150 mm. A transverse joint
worn @with long stems 38-300450 mm, the

longitudinal joint is used D13-750 with stem
length of 650 mm, the design of the
transverse  direction and  longitudinal
reinforcement used was @10-200. Where
LMC stands for Latex Modified Concrete
(Lee & Kim, 2018).

Table 8. Analisis Expenses Traffic Methods For Age Plan of Highways 2017
Total
Gol. Vehicle Type LHR VDF DD DL daysin (E\Z:L)
one year
) @ 3 @ OO U ®)
2 Sedan, Jeep, Station Wagon 1845  0,0012 0,5 1 365 404,055
3 Medium Passenger 587 0,2165 0,5 1 365 23210,037
Transport
4 Pick Up, Micro Truck, and 496 0,2458 0,5 1 365 22269,041
Delivery Car
5a  Small Bus 226 0,2458 0,5 1 365 10138,021
5b  Large Bus 197 1,0413 0,5 1 365 37410,190
6a  Light Truck 2 Axis 269 2,9918 0,5 1 365 147030,942
6b  Truck Medium 2 Axis 843 2,9918 0,5 1 365 460514,952
7a  Truck 3 Axis 64 5,3443 0,5 1 365 62282,090
CESAL 763259,329
©)
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Table 9. Parameters for Input Analysis of Rigid Pavement Planning Method AASHTO 1993
No. Parameter Input Input Value
1.  Life 40 tahun
2. CBR 6,12%
3. Subgrade Reaction Modulus (k) 150 pci
4. Initial Serviceability (Po) 4,5
5. Terminal Serviceability (Pr) 2,5
6.  Total Loss of Serviceability (APSI) 2,0
7. Reliability 85%
8.  Standard Deviation Normal (Zg) -1,037
9. Opverall Standard Deviation (So) 0,35
10.  Compressive Strength of Design Concrete (fc") 450 kg/cm?
11.  Modulus of Elasticity of Concrete (E.) 4560172,778 psi
12.  Flexural Strength of Concrete (S.") 600,023 psi
13.  Drainage Coefficient (Cq) 1,175
14.  Load Distribution Coefficient (J) 2,8
15.  Traffic Volume during Design Life (W) 64533788,261 ESAL

(3) Perhitungan tebal pelat beton dengan D = 11 inchi

Log,,(64533788,261)

=—1,037x0,35 + 7,35 log, (11 + 1) — 0,06 + {

+ (4,22

—0,32x2,5) x { Logyo

1,624x 107
AT+

Lo [r5= 1] }
]

600,023 x 1,175 (11%7° — 1,132)

215,63x2,8x |2,8975 %
[w] ’
120

7,810 < 8,074 (memenuhi syarat)

Figure 10. Determination of the Estimated Thickness of Concrete Slabs Using the 1993

AASHTO Method Equation The1993 AASHTO

The results of the rigid pavement design
with the traffic load value during the design
life (Wt) of 64533788,261 ESAL produces a
concrete slab structure that meets the design
requirements of 11 in (= 280 mm) thick. The
plate length of 10 m, using a coating
thickness of 100 mm foundation LMC
combined with aggregate foundation layer
thickness of 150 mm, a transverse joint that
is used ©32-300 with 450 mm rod length.
The longitudinal joint is used D13-650 with
stem length of 800 mm, design transverse
direction and longitudinal reinforcement
used was @10-200.

Special handling related to replacing
the type of pavement structure on Jalan
Letjen S. Parman STA 0+450 — 0+900 with a
CBR segment of 3.20%. In this planning, the
subgrade in that segment is assumed to have
a soft soil layer due to hole damage and
subsidence which causes puddles when it
rains. This needs attention. Considering that
when soil conditions are disturbed due to
certain things that can reduce soil parameters'
physical and mechanical properties, structural
damage will occur and endanger human
activities (Putri et al., 2020).

So the special handling planning
analysis results using the value of the traffic
load during the design life of the 2017 Bina

Comparative Study of Rigid ...— 85
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Marga method concludes that a thorough
stripping of the subsoil is necessary. A soil
fill with a minimum height of 1860 mm
(CBR value from the embankment is 5.35%),
a stabilization layer is required. cement with a
thickness of 50 mm (stabilization CBR value

L0 s

= 6.74% > 6.00% design requirements), and
the application of micro pile in the form of a
bamboo cone with a diameter of 80 mm,
length of 200 cm, installation distance of 30
mm.

wamn ok hir divkur dar

TingE i pifmum pee

2,405+ BT

Figure 11. Determination of the Minimum Surface Surface Height of the Embankment

using the Graphical Method

The results of the special handling
analysis using traffic loads during the design
life of the 1993 AASHTO method concluded
that it was necessary to completely strip the
subgrade and fill the soil with a minimum
height of 1850 mm (CBR wvalue of the
embankment is 5.30 %). It also required a
cement stabilization layer with a thickness of
50 mm (stabilization CBR value = 6.68% >
design requirements of 6.00%), and the
application of micropile in the form of a
bamboo cone with a diameter of 80 mm,
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length of 200 cm, installation distance of 30
mm. The results of the analysis of the
handling of soft soils from the two results
above by carrying out new embankment
work and cement stabilization coatings give
the final CBR value above the limit of the
subgrade design requirements. So the use of
a foundation layer in the form of a 100 mm
thick LMC layer and a 150 mm thick
aggregate foundation layer can be used on
the Jalan Letjen S. Parman segment STA
0+450 — 0+900.
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Figure 12. Determination of Effective CBR Value of Subgrade from Embankment

Re-planning of road drainage obtained from analysis of rainfall data for the last 10 years

are as follows:

Table 13. Rainfall Data Analysis

Average
rainfall Deviation . Deviation
Years (mm) (Xi - X) (Xi - Xy’ Standard
(Xi)
1) (2) 3) (4) (®) (6)
2011 137,50 -75,608 5716,570
2012 259,50 46,392 2152,218
2013 264,80 51,692 2672,063
2014 194,60 -18,508 342,546
2015 248,20 213.108 35,092 1231,448 46,478
2016 160,68 ’ -52,428 2748,695
2017 224,40 11,292 127,509
2018 239,10 25,992 675,584
2019 148,00 -65,108 4239,052
2020 254,30 41,192 1696,781
n=10 XXi=2131,08 (Xi-X)?= 21602,466

Comparative Study of Rigid ...— 87
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Analysis of replanning drainage plan
values obtained flow rate (Q) of 0.0113 m’/
sec, the need for cross-sectional area (Fd) of
0.009 m? the dimensions of the channel cross-
section to a depth of 50 cm generates value b
= 1,00 m, A = 0.50 m’>, R = 0.25 m, guard
height (W) 0.50 m, channel clearance slope
(ipermit) 1.29%. Channel slope control is carried
out with conclusions in several segments. The
channel requires the installation of a current
breaker with an installation distance of 16
meters, the flow speed control in all channel
segments is declared safe with a flow velocity
value in the field (Vi) between the safe
requirement values of 0.16 m’/second < Vi,
< 3.00 m’/sec. The design of a culvert with a
diameter of 80 cm, a wet cross-sectional area
of 64 cm, the slope of the channel (ipermi) is
0.008 or 0.8%, with the slope control meeting
the requirements of 0.5% < ipemic < 2.0%. So
that the difference resulting from this re-
planning lies in determining the depth and
width of the design channel which is larger
than the existing channel. So, the water
capacity will be greater which is expected to
be able to accommodate the water discharge
on the Jalan Letjen S. Parman section which
adjusts to the rigid pavement conditions in the
future.

Conclusions

The difference in the results obtained
from the analysis of Bina Marga 2017 and
AASHTO 1993's rigid pavement structure
planning methods is more influenced by the
design traffic load factor. Analysis of traffic
load during the design life of 40 years with
traffic growth of 3.50%, the results of the
2017 Highways method of 84050400,856
ESAL, while the results of the 1993
AASHTO method of 64533788,261 ESAL.
The two results have a fairly large difference.
This is because the traffic analysis of the 2017
Highways method takes into account the
actual traffic load period and normal traffic
with a different cumulative traffic growth
factor (R) value for each period, so that from
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the traffic calculations for the two periods, it
produces a multiplayer load traffic value that
is different. big. So that the large number of
traffic loads results in a thicker coverage of
the dimensions of the concrete slab and the
need for more
reinforcement.

The 1993 AASHTO method considers
the CBR value factor in determining the value
of the subgrade reaction modulus (k), where
the value of k affects the thickness of the
concrete slab to be obtained. The smaller the
CBR value, the smaller the k value, and the
smaller the k value, the thicker the concrete
slab dimensions. On the other hand, the Bina
Marga 2017 method does not take into
account the CBR value directly in the analysis
process for determining the thickness of the
concrete slab, so that the coverage of the
thickness of the slab is obtained directly from
the tabulation of the provisions for the
thickness of the concrete plan slab.

From the two results of rigid pavement
structure  planning, the 1993 AASHTO
method provides more efficient results to the
Jalan Letjen S. Parman section, considering
the smaller plate dimensions and the need for
fewer connections and reinforcement. Where
the time of the calculation of cost plans, the
AASHTO method results in 1993 gives a
tigure of a smaller volume of work to have the
possibility to provide a nominal cost of a job
is more economical than the result of

planning methods Highways, 2017.

connections and

Suggestions

The advice is devoted to advanced
studies or similar, be expected to deepen the
analysis of the subgrade's bearing capacity to
withstand the plan's traffic load by using more
complex geotechnical data. And determine the
best alternative for road foundation design in
terms of material used, dimensions,
construction methods, costs, and so on.
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